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Abstract
· AIM:Toinvestigatethemorphologicalalteringeffectof
transforming growth factor- 茁 2 (TGF- 茁 2) on
untransfectedhumancornealendothelialcells(HCECs)
.
· METHODS:AfteruntransfectedHCECsweretreated
withTGF-茁2atdifferentconcentrations,themorphology,
cytoskeleton distribution, and type IV collagen
expressionofthecellswereexaminedwithinverted
contrast light microscopy, fluorescence microscopy,
immunofluorescenceorWesternBlot.
· RESULTS:TGF-茁 2attheconcentrationof3-15 滋g/L
hadobviouslyalterativeeffectsonHCECsmorphologyin
doseandtime-dependentmanner,and9滋 g/Lwasthe
peakconcentration.TGF- 茁 2 (9 滋g/L)alteredHCEcell
morphologyaftertreatmentfor36h,increasedthemean
opticaldensity ( <0.01)andthelengthofF-actin,
reducedthemeanopticaldensity ( <0.01)ofthe
collagentypeIVinextracellularmatrix (ECM)and
inducedtherearrangementofF-actin,microtubulein
cytoplasmandcollagentypeIVinECMaftertreatment
for72h.
· CONCLUTION:TGF- 茁 2hasobviouslyalterativeeffect
onthemorphologyofHCECsfrompolygonalphenotype
toenlargedspindle-shapedphenotype,indoseand
time-dependencemannerbyinducingmore,elongation
andalignmentofF-actin,rearrangementofmicrotubule
andlargerspreadareaofcollagentypeIV.
· KEYWORDS: humancornealendothelialcell;transforming
growthfactor-茁2;F-actin;microtubule;collagentypeIV
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INTRODUCTION
C
ornealendothelium,ontheinnersurfacetowardthe
aqueoushumorandessentialformaintainingcorneal
transparency,iscomposedofamonolayerofhexagonalcells.
Asadultcornealendothelialcellhaslimitedregenerative
capacity,theresponseofthematureendotheliumtocellloss
becauseofillnessand/orwounds,normallyinvolves
spreading,enlargementand/ormigrationofneighboringcells
tocoverthewoundarea,theresultofwhichisanincreasein
overallcellsizeandanmorphologicalalterationfroma
hexagonaltoapolymorphicshape
[1-5].
Giventhatthemeanconcentrationoftransforminggrowth
factor-茁2(TGF-茁2),whichispresentmainlyinlatentformin
aqueoushumorandcapableofmediating epithelial-
mesenchymaltransition (EMT),repairingafterinjuryand
inhibitingproliferationofhumancornealendothelialcells
(HCECs),elevateshigherininjuredandunhealthyeyes,itis
reasonabletohypothesizethatthemorphologicalalteration
observedinHCECsis,atleastinpart,theresultofincreased
concentrationofTGF-茁2,whichisnotreportedbefore
[6-12].So
inthestudy,cellshape,arrangementofcytoskeletonand
spreadofcollagentypeIVinextracellularmatrix(ECM)
underHCECswereexaminedtoinvestigatetheeffect
mechanismofTGF-茁2onthemorphologyofHCECsand
infertheregulatoryfunctionofTGF-茁2ontherepairafter
injuryofhumancornealendotheliumbymorphological
alterationandmigration.
MATERIALSANDMETHODS
Materials UntransfectedHCECsatpassage100fromthe
HCEcelllinewhichwasestablishedpreviouslyintheKey
LaboratoryforCornealTissueEngineering,OceanUniversity
ofChina,wasculturedinDulbecco'smodifiedEagle
medium/nutrientmixtureF-12(1:1,v:v)(DMEM/F12)
(Invitrogen,Carlsbad,CA,USA)(pH 7.2)medium
containing10%fetalbovineserum(FBS)(HyClone,Logan,
Utah,USA)at37℃ ina5%CO2 incubator
[13].TGF-茁2was
759purchasedfromPeproTech (London,UK). Phalloidin
conjugatedtotetramethylrhodamineBisothiocyanate
(TRITC)wasfromSigma-Aldrich(St.Louis,USA).Mouse
monoclonal anti-琢-tubulinantibodies, rabbit polyclonal
anti-collagentypeIV-琢2antibodieswerefromSantaCruz
Biotechnology(CA,USA). Fluorescent isothiocyanate
(FITC)-conjugatedgoatanti-mouseIgG,FITC-conjugated
goat anti-rabbitIgG,horseradish peroxidase(HRP)-
conjugatedgoatanti-rabbitIgGandHRP-conjugatedgoat
anti-mouse IgGwere fromBiosynthesisBiotechnology
(Beijing,China).
Methods
Cellcultureandtreatment TheHCECswerecollected
using0.25%(m:v)trypsin(Sigma-Aldrich,St.Louis,USA),
countedandthenseededin24-wellcellculturecluster
(Corning,NY,USA)atadensityof2.5伊10
4cells/mL.After
culturedinDMEM/F12mediumcontaining10%FBS(pH7.2)
at37℃ ina5%CO2 incubatorovernightandstarvedin
DMEM/F12withoutFBSfor24h,HCECsweretreatedwith
TGF-茁2(1-15 滋g/L)for72huntil80%-90%cellconfluence
wasreachedasdescribedpreviously
[9].Specimenswere
observedunderNikonTi-Sinvertedcontrastmicroscopewith
chargecoupleddevice (CCD)cameratofindoutapeak
concentrationofTGF-茁2foralteringHCEcellmorphology.
HCECsweretreatedatthepeakconcentrationfor72huntil
80%-90%cellconfluencewasreached,andtheimageswere
capturedevery12h.
Fluorescentandimmunofluorescentstaining HCECsata
densityof2.5 伊10
4 cells/cm
2 weretreatedwiththepeak
concentrationofTGF-茁2for24hor72hasdescribedabove.
Cellswerefixedin3.7%(m:v)paraformaldehydefor10min
at4 ℃followedbyphosphatebuffersaline (PBS)washes,
andpermeabilizedwith0.25%TritonX-100 (F-actinand
琢-tubulin)for10minatroomtemperature (RT).After
non-specificbindingblockedwith1%FBS(Invitrogen,CA,
USA),cellswereincubatedwithmousemonoclonalanti-琢-
tubulinantibodies (1:50dilution,v:v)orrabbitpolyclonal
anti-collagentypeIV-琢2antibodies (1:50dilution,v:v)at
4℃ inahumidchamberovernightandfollowedbyFITC-c
onjugatedgoatanti-mouseIgG( 琢 -tubulinandcollagentype
IV)antibodyandPhalloidin-TRITC(F-actin)for1hatRT,
Afterwashed,specimenswereobservedunder Nikon
TE2000-UinvertedfluorescentmicroscopewithCCDcamera
andimageswereexportedintotheImage-ProPlusto
determine mean optical density(determiningstaining
intensity).
SDS-PAGEandWesternBlot Aftertreatedasmentioned
above,HCECswerewashedwithice-coldPBSandlysedon
iceinradioimmunoprecipitationassay(RIPA)buffer(50
mmol/LTris,pH7.4,150mmol/LNaCl,1%TritonX-100,
0.5%sodiumdeoxycholate,0.1%sodiumdodecylsulfate)
(Beyotime,Beijing,China)with1mmol/L
phenylmethanesulfonylfluoride(PMSF)(Beyotime,Beijing,
China).Proteinconcentrationintheclarifiedcellextractswas
estimatedusingbicinchoninicacid(BCA)proteinassaykits
(Beyotime,China).Equalamountsofproteinweresubjected
to10%polyacrylamidegelsforSDS-PAGEandtransferred
topolyvinylidenedifluoride(PVDF)membranes(Amersham,
Braunschweig,Germany).Nonspecificbindingwasblocked
byincubationfor1hat4 ℃in5g/LskimmilkpowderinTris
bufferedsalinesolutionwith0.1%(v:v)Tween-20(TBST).
Membraneswereincubatedwithrabbitanti-collagentype
IV-琢2polyclonalantibodies(1:100dilution,v:v)for2h,
washed,reblocked,andthenexposedtoHRP-conjugated
goatanti-rabbitIgG(1:100dilution,v:v)for1hinTBSTwith
0.25%(m:v)bovineserumalbumin(Sigma,St.Louis,USA).
Thesameblotswereprobedwithmousemonoclonal
anti-琢-tubulinantibodies (1:100 dilution,v:v)and
HRP-conjugatedgoatanti-mouseIgG(1:100dilution,v:v)to
controlproteinload.Afterathoroughwash,immune
complexesweredetectedusingdiaminobenzidine(DAB).
StatisticalAnalysis Datawerepresentedasthemean依SDof
atleastthreeindependentandanalyzedbySPSS20.0and -test.
<0.05wasdesignatedassignificant, <0.01was
designatedasextremelysignificant.
RESULTS
Morphological Changes Aftercellstreatedfor72h,
makeablemorphologicalchangesofHCECswereinducedby
TGF-茁2attheconcentrationof3-15 滋g/L(Figure1),which
wasdose-dependent.TheadditionofTGF-茁2tocultures
producedenlargedandraggedcells,whichwasspindle-
shapedphenotypeandfailedtoformatypicalpolygonal(or
cobblestone)monolayer(compareFigure1AandB-G).The
peakconcentration9滋 g/Lformorphologicalchangesand
alteredHCEcellmorphologyaftertreatmentfor36h
(Figure2),andtheeffectwastime-dependent(Figure2).
EffectsofTGF-茁2onHumanCornealEpithelialCells
Cytoskeleton Thedifferenceofmeanopticaldensityof
F-actinand 琢-tubulinbetweencontrolandTGF-茁2-treated
groupwasalittle (Figure3)aftertreatmentfor24h,while
aftertreatmentfor72hthemorphologyandtheconfiguration
(paralleltothelongaxisofcells)ofF-actinand 琢-tubulinin
cytoplasm(Figure3)betweentwogroupsdifferedwidely,
besides,themeanopticaldensity(<0.01)andlengthof
Morphologicalalteringeffectoftransforminggrowthfactor-茁2
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Figure2MorphologicchangesofHCECsinducedbyTGF-茁2fordifferenttreatedtime A-F:Controlgroup12,24,36,48,60and
72h;A0-F0:TreatedgroupbyTGF-茁212,24,36,48,60and72h.
Figure1MorphologicchangesofHCECsinducedbyTGF-茁2atdifferentconcentrationfor72h A-G:0;1;3;5;7;9;11;13;15滋g/L.
761F-actinwereincreased(Figure3).
EffectsofTGF-茁2onHumanCornealEpithelialCells
CollagentypeIV Themeanopticaldensityofcollagentype
IVundersingleHCEChadnosignificantchange (Figure3)
aftertreatmentfor24h,butwasremarkablereduced72hlater
( <0.01)(Figure3).TheresultofWesternBlotshowedthat
TGF-茁2didn’ tinfluencetherelativecontentofcollagentype
IVintheECM(Figure4).
DISCUSSION
TGF-茁2maymediaterepairafterinjuryandpromotewound
healingbyinducingmorphologicalchangesandregulating
synthesisandsecretionofECM
[14,15].Sothepresentstudy
wasdesignedtodeterminewhetherandhowTGF-茁2altered
themorphologyofuntransfectedHCECs .
Inthepresentstudy,theresultsshowedthatTGF-茁2atthe
concentrationof3-15g/Lhadobviouslyalterativeeffectson
HCECsmorphology,from cobblestonemonolayerto
enlarged spindle-shapedmonolayer in dose-dependent
manner,whichwassimilarwiththeeffectofTGF-茁 onthe
shapeofthebovineretinalendothelialcells,and9滋 g/Lwas
thepeakconcentration.TGF-茁2atthepeakconcentration
couldalterHCEcellmorphologyaftertreatmentfor36h,and
theeffectwastime-dependent
[14].
SinceF-actin,alsonamedasstressfiber,andcollagentype
IVwhichisoneofmaincomponentsinDescemet's
membrane,playanimportantroleinmaintainingmorphology
ofHCECs,inthestudyarrangementofF-actinand
microtubuleincytoplasm,togetherwiththetotalcontentand
arrangementofcollagentypeIVunderasingleHCEC,were
investigatedtoexplorethemorphologicalalteringeffectof
TGF-茁2onHCECs
[16,17].Aftertreatmentfor24h,TGF-茁2
didn'taltertheshapeofHCECs,thenumberofF-actin,the
Figure4WesternBlotfortotalcontentofcollagentypeIVin
ECMofHCECs.
Figure3FluorescencestainingforF-actinandimmunofluorescencestainingfor 琢-tubulinandcollagentypeIVinECM
b <0.01.
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arrangementofF-actinandmicrotubuleorthecontentof
collagentypeIVinECM,whileaftertreatmentfor72h,there
wasobviouslydifferentbetweentreatedandcontrolgroup,
suchasmoreandlongerF-actin,rearrangementofF-actin
andmicrotubuleparalleltothelongaxisofHCECs,which
wassimilarwiththefindingsfromotherresearchers
[14,18,19].
HowevertheresultofimmunofluorescenceandWesternBlot
revealedthataftertreatedfor72h,thespreadingareaof
collagentypeIVundersingleHCECwasincreased,andthe
contentofcollagentypeIVinECMremainedunchanged,
whichwassimilarwithsomeresultsbutdifferentfromothers
whichtreatedcells,typesofinvestigatedcollagensor
experimentalmethods,suchasenzyme linked
immunosorbentassay(ELISA)fordetectingthe
concentrationofcollagenintheculturemediumandRT-PCR
forthetotalexpressionofthecollagengene,weredifferent
[20-22].
Insummary,ourdataindicatedthatTGF-茁2alteredthe
morphologyofHCECsindoseandtime-dependencemanner
byinducingmore,elongationandalignmentofF-actin,
rearrangementofmicrotubuleandlargerspreadareaof
collagentypeIVundersingleHCEC,whichhelpusrealize
theeffectmechanismofTGF-茁2athigherconcentrationin
aqueoushumoronrepairafterinjuryofhumancorneal
endotheliumbymorphologicalchanges.
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